Glass composition of fixed values of the structural factor R(CdO/B 2 O 3 ) = 0.5 and K(SiO 2 \B 2 O 3 ) = 0.5 in borosilicate glass modified by CdO has been studied by different techniques. The amorphous structure of as prepared glass was confirmed by both XRD and EDP spectroscopy. The amorphous samples were treated thermally to be transformed to suitable type of crystalline glass ceramic. Based on SEM and TEM data, the bulk crystallized network was developed by treating the glasses at high treatment route (950˚C -1100˚C) for a specific time (8 hours). Crystalline Al 4 B 2 O 9 and Al 18 B 4 O 33 whisker phases are simply detected by X-ray diffraction spectroscopy. The scanning and transmission electron microscopes (SEM and TEM) have confirmed that aluminum borate crystalline phases in the form of whiskers (rods) species are the main formed type. Both size and concentration of the whisker species were increased with increasing temperature of thermal heat treatment. Formation of this type of crystals (whiskers) leads to interlocking microstructure and as a direct result, an increase in hardness number, glass transition temperature is simply evidenced. Glass-ceramics synthesized in this study can be applied as high temperature resistant materials because their microstructures can resist micro-cracking upon indentation. The crack length due to indentation process is reduced by increasing concentration of crystalline road or whisker like structure.
Introduction
Ceramic or glass ceramics in the systems SiO 2 This led to a structure characterized with several types of sub crystals which are joint together firmly and hence an increase in hardness and fracture toughness is observed. As a result, the microstructure of such materials can resist micro-cracking and scratching upon indentation.
This work is aimed to determine the phase evolution, microstructures, micro hardness and crack propagation in the investigated glass and glass ceramics. The additional aim of this study is to shed more light on the effect of thermal heat treatments process on mechanism of formation of (Al 18 
Measurements
XRD diffraction patterns were carried out on aBrucker Axs-D8 spectrometer.
Emitting source of type (λCuKα) has been utilized. The numerical data was steeply accumulated with a small scanning step, 2θ rang of 5˚ -70˚ and a dwell For the SEM study, the samples were coated with gold to prevent scattering of the electron beam. Hardness was obtained from a HV-1000B Vickers microhardness tester with a load of 300 g on a mirror finish surface. Figure 1 shows DSC curve for the as prepared sample. The crystalline temperature is evaluated to be around 940˚C. Exothermic peaks corresponding to crystallization process are dependent on the route of thermal heat treatment. Figure   2 represents XRD spectra of both as prepared and thermally treated glasses. The network structure of the as prepared glass was confirmed to be amorphous. This is can be evidenced by appearing of a broad X-ray diffraction pattern characterizing the amorphous state of the glass as is shown in Figure 2 1100˚C, respectively. The as obtained glass has a lower number of hardness. In addition, the crack length and distortion due to indentation process at the corner of diamond pyramid was also observed to be lowered by increasing treating temperature (Table 1 ). This may lead that the microstructure of high hardness number and lower crack length can resist crack propagation in solid materials.
Results

Discussion
XRD Analysis
Several studies on oxide glasses and glass ceramics had indicated that the structure of glass network depends strongly on, morphology and crystallinity rela- 600˚C and 800˚C in aluminum borate glasses [11] . But in the present investigated aluminum borosilicate glasses these phases are obtained at more higher temperature 1000˚C and 1100˚C. Thermal treating technique is the most recommended to obtain morphologies with a better crystallinity as is evidenced from Figure 2 (d) and Figure 3(b) . These characteristics become essential to improve the structure of the used materials.
Morphological Studies (SEM and TEM) Microscopy
The morphology and bulk structure of as prepared glass were characterized by and hybrid biomaterials [21] . SEM showed that the size of the well-formed crystalline species is varied with increasing heat treatment temperature. Smaller 
Microhardness Investigation
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